M
any sexually transmitted disease (STD) clinics have implemented express care models, which include a testing-only visit option without a clinician evaluation, to meet the high demand for services in the context of low resources 1 and increasing rates of many STDs. 2 Express care may increase clinic efficiency and reduce long-term costs, allowing limited clinician time and resources to be focused on patients in need of sameday treatment and facilitating rapid access to STD screening. 3 However, there is also the potential to miss health conditions of public health importance that could have been identified during a clinician evaluation. 4 Sexually transmitted disease clinics have implemented a variety of express care models, each with its own method of patient history collection, triage process, and distinct set of criteria for determining patients' visit types (Table 1) . [5] [6] [7] [8] [9] [10] [11] [12] [13] Triage criteria may be disease focused (e.g., patient has genital symptoms) or health service focused (e.g., female patient who wants to discuss contraception with a clinician), depending on the patient population and local public health priorities and resources. Although not reported in the literature, we have observed that some STD clinics use a simple triage algorithm including only whether the patient has any symptoms or had known contact to a sex partner with an STD or HIV (hereafter referred to as "contact to STD"). To our knowledge, only one study has attempted to formally construct triage algorithms that reliably predict who will receive specific STD diagnoses that could be missed in testing-only visits.
14 Using medical record data from 3 STD clinics, Xu and colleagues 14 found that age and/or specific STD-related symptoms were associated with each of 4 types of diagnoses that could be missed in express visits: genital herpes or warts, trichomoniasis, symptomatic vulvovaginal candidiasis or bacterial vaginosis, and nongonococcal nonchlamydial urethritis. However, age and/or specific symptoms had low discriminatory ability for predicting those diagnoses, even when used in combination. Other studies have evaluated clinics' respective express care models in different ways, but no published studies to date have compared the relative discriminatory ability of multiple triage algorithms for predicting who needs to see a clinician within the same population.
We recently reported an evaluation of the express care triage algorithm currently used in the Public Health -Seattle & King County (PHSKC) STD Clinic in Seattle, Washington. 12 This algorithm accurately identifies patients with an infection or syndrome that can be diagnosed and treated at that visit, but it triages less than 25% of patients to express care which limits efficiency. The ideal algorithm would triage a substantial percentage of patients to express care without inappropriately triaging any patients to express care.
The goal of the present study was to construct and evaluate alternative triage algorithms to determine which approach most reliably identifies clinically relevant cases in our clinic while maximizing triage to express care. To achieve this goal, we (1) constructed and validated an optimized algorithm that maximizes correct triage of patients between express visits and standard visits with a clinician evaluation, and (2) compared the performance of the optimized algorithm, the PHSKC STD Clinic's current algorithm, and a "simple" algorithm that considers only presence of symptoms and contact to STD.
METHODS

Study Design and Sample
The PHSKC STD Clinic implemented systematic computerassisted self-interview (CASI) assessments for collecting patient history and developed a computerized algorithm to automate triage in 2010. 15 However, because of the staffing model in place, almost all patients continued to receive a clinician evaluation irrespective of triage status. 12 Therefore, the clinic database contains both CASI responses and outcomes of a clinician evaluation for each patient over a 5-year period.
This cross-sectional study included patients attending the PHSKC STD Clinic who completed a CASI at a new problem visit between October 1, 2010, and June 30, 2015. The 36% of new problem visits without a CASI were excluded. 12 Our analysis excluded transgender persons because their patient history was collected in-person rather than through CASI during the analysis period. For individuals with multiple new problem visits with a CASI during this period, we randomly selected one visit for inclusion in the analysis to maintain independence of observations.
Outcome Definition
The outcome for this study, "need for a standard visit," was defined using electronic medical record data. The outcome definition was identical to that used in our prior study reporting performance of the current triage algorithm. 12 We coded each visit to indicate whether the patient needed a standard visit or could have received an express visit based on the clinician assessment. Our definition of needing a standard visit was disease focused and intended to identify patients with an infection of public health importance that could be diagnosed and treated at that visit. We classified patients as needing a standard visit if they reported key symptoms (anogenital symptoms, abdominal pain [for women], body rash, and symptoms concerning to the patient for acute HIV infection) to the CASI or clinician, received any empiric treatment, or were diagnosed as having a key infection or syndrome at the same visit. To ascertain symptoms concerning to the patient for acute HIV, our CASI asked: Did you come to the clinic to test for HIV because of symptoms you think may be a sign that you were recently infected with HIV? Key infections or syndromes were possible to diagnose with clinical examination and point-of-care testing alone and of public health importance due to the potential for ongoing transmission or health consequences of delayed treatment. These included primary or secondary syphilis; urethral, cervical, or rectal Neisseria gonorrhoeae detected on Gram stain; nongonococcal urethritis; epididymitis; proctitis; mucopurulent cervicitis; pelvic inflammatory disease; bacterial vaginosis; vaginal Seattle, United States (1) Symptoms, (2) positive STD result from another provider and needs treatment, (3) known contact to a sex partner with an STD or HIV, (4) sex partner with symptoms, (5) has HIV and has not had an HIV care visit in the past 9 mo, (6) has hepatitis C and wants a referral for care, (7) has genital herpes and wants preventive or suppressive medication, (8) heterosexually active female who wants to discuss contraception, (9) female requesting emergency contraception, (10) women aged ≥21 y who has not had a Papanicolaou test in the past year, (11) age ≤18 y, (12) ever had a transgender sex partner, (13) 
Potential Predictors
To develop the optimized algorithm, we selected 11 potential predictors of need for a standard visit. All are self-reported measures collected by CASI that have been highly associated with the key infections or syndromes that we determined would require a standard visit. These included age (in years), 2, 14, 16, 17 key symptoms, 5, 14, 18 sore throat, positive STD result from another provider and needs treatment, contact to STD, sex partner with symptoms, 18 same-sex partner in the past year, 2,17,18 number of sex partners in the past 2 months, 17, 18 popper (for men who have sex with men only) 19 or methamphetamine use in the past year, 20, 21 crack cocaine use in the past year, and ever had transactional sex. 22 
Other Measures
After optimizing the triage algorithm, we compared its performance to the PHSKC STD Clinic's current algorithm and a simple algorithm. The current algorithm triages patients to a standard visit for 13 disease-and health service-focused reasons ( Table 1 ). The simple algorithm triages patients to a standard visit for 2 disease-focused reasons: report of any symptoms (including sore throat) or contact to STD.
We classified patients who were mistriaged by an algorithm into 2 categories. We defined patients who needed a standard visit but were triaged to express visits by the algorithm as "underserved" and patients who did not need a standard visit based on the study definition but were triaged to standard visits by the algorithm as "overserved." This terminology reflects the diseasefocused outcome for this analysis.
Statistical Analysis Construction and Validation of the Optimized Algorithm
We used independent development and validation samples to construct and validate the optimized algorithm. Separately for men and women, the new problem visits was randomly divided in half, resulting in sex-specific development and validation samples (Supplement, http://links.lww.com/OLQ/A266). We assumed that all patients with key symptoms should be evaluated by a clinician. We did not make this assumption for contact to STD because, in practice, we have noticed variability in what patients report as contact to STD, some of which do not require evaluation (e.g., contact from >1 year ago, contact for which the patient already received treatment, and contact to an STD for which treatment is not indicated). Therefore, we created sex-specific development and validation "subsamples" that excluded individuals with key symptoms, which were used to develop and validate the initial sex-specific optimized algorithms.
We subjected each development subsample to classification and regression tree (CART) analysis, considering the 11 potential predictors. CART analysis is a nonparametric, empiric statistical method for developing prediction models. 23 It yields a sequence of nested risk stratification trees (i.e., decision trees) composed of progressive binary splits that divide patients into increasingly homogenous groups in terms of their outcome value. At each split, CART considers each predictor and uses that which best separates patients with and without the outcome. For continuous predictors, CART considers the cutoff value that best predicts the outcome. Predictors may be used more than once within the tree or not at all. We used CART analysis because it Figure 1 . The optimal risk stratification tree for predicting need for a standard visit among men without key symptoms (A) and women without key symptoms (B), developed and validated using classification and regression tree analysis* † . EV indicates express visit; SV, standard visit. *Key symptoms: anogenital symptoms, abdominal pain (for women), body rash, or symptoms concerning to the patient for acute HIV infection. † n (%) reflects the distribution of men and women in the respective validation subsamples (excluding patients with key symptoms). does not require assumptions about the underlying distributions of the predictors and is well suited to considering complex interactions between predictors that are difficult to model with logistic regression. We considered the optimal tree to be that with the lowest misclassification error rate (mistriaged visits/total visits) when the trees were applied to the validation subsample. Subsequently, we programmed the final optimized algorithm into Stata 13 (StataCorp, College Station, TX), including the decision rules contained in each of the sex-specific optimal trees and the key symptoms criterion. This final optimized algorithm reflects what would be used in clinic operations.
Comparison of Triage Scenarios
We compared 3 triage scenarios in the full validation samples for men and women, each considering a separate triage algorithm: the final optimized algorithm, the PHSKC STD Clinic's current algorithm, and the simple algorithm. For each scenario, we estimated the sensitivity, specificity, and area under the receiver operating curve (AUC) for appropriately triaging patients between express visits and standard visits. The criterion standard was need for a standard visit based on the clinician evaluation. We also calculated the percent express visits to approximate the efficiency of each algorithm. Finally, we characterized the patients mistriaged by the optimized and simple algorithms. The characteristics of patients mistriaged by the current algorithm were published previously. 12 This study was approved by the University of Washington Human Subjects Division. Analyses were conducted in Salford Predictive Modeler 7 (Salford Systems, San Diego, CA) and Stata 13.
RESULTS
Between October 1, 2010, and June 30, 2015, 18,653 patients completed a CASI at 32,102 new problem visits. After randomly selecting 1 visit for patients with multiple visits (n = 13,449 visits excluded), there were 18,653 unique patients with a CASI, including 13,968 men (75%) and 4685 women (25%; Table 2 ). Less than half of men (45%) reported sex with men in the past year. Most patients were seeking care for key symptoms (49% of men, 60% of women).
For men, the full development and validation samples each contained 6984 patients; the development and validation subsamples, which excluded men with key symptoms, contained 3443 and 3344 patients, respectively. For women, the full development and validation samples contained 2343 and 2342 patients, respectively; the development and validation subsamples contained 873 and 857 patients, respectively. The optimal risk stratification trees for predicting need for a standard visit among men and women without key symptoms are presented in Figure 1 . Among men, the optimal tree included 3 predictors: contact to STD, positive STD result from another provider, and sex partner with symptoms. Among women, the optimal tree included 5 predictors: contact to STD, positive STD result from another provider, sex partner with symptoms, age, and number of sex partners in past 2 months. The optimal tree for women included interactions among some predictors, so not all women meeting an individual criterion would be triaged to standard visits. The criteria in the final optimized algorithm, current PHSKC STD Clinic algorithm, and simple algorithm are summarized in Table 3 .
When we considered the 3 triage scenarios in the full validation samples for men and women, the optimized, current, and simple algorithms appropriately triaged 8418 (90%), 7943 (85%), and 8273 (89%) patients, respectively (Table 4) . The optimized and simple algorithms had similar overall performance (AUC) for men (optimized, 0.88; simple, 0.87) and women (optimized, 0.90; simple, 0.89) ( Table 5 ). The AUC for the current algorithm was lower (men, 0.83, women, 0.65) due to lower specificity. However, the current algorithm had the highest sensitivity for men (95%) and women (98%). The optimized and simple algorithms triaged a similar percentage of patients to express visits (31% and 33%, respectively), indicating similar efficiency. The current algorithm triaged a lower percentage of patients to express visits (23%), primarily due to the health service-focused criteria for needing a standard visit. The primary reasons that men who would have been underserved by the optimized and simple algorithms needed a standard visit were report of key symptoms to the clinician that were not disclosed to the CASI (47% and 34% of underserved men, respectively) and receipt of empiric therapy for something other than contact to STD despite being asymptomatic (27% and 26%, respectively). The primary reason that women who would have been underserved needed a standard visit was diagnosis with a key infection or syndrome despite being asymptomatic (45% for both algorithms). Compared with the current algorithm, use of the simple algorithm during this 5-year period would have delayed diagnosis and treatment of 3 cases of early syphilis and 55 cases of gonorrhea. For all 3 early syphilis cases and 49 gonorrhea cases (89%), the patient reported having a positive STD result from another provider.
The primary reason that men and women would have been overserved by the optimized and simple algorithms was report of contact to STD to the CASI when they did not subsequently receive empiric therapy during the clinician evaluation (70%-84% of overserved patients). In addition, a substantial percentage of overserved men (16%) and overserved women (27%) were triaged to standard visits by the optimized algorithm because they reported having a sex partner with symptoms to the CASI but did not subsequently receive empiric therapy or a key diagnosis during the visit.
DISCUSSION
We found that the performance of a simple 2-component algorithm for triaging STD clinic patients was comparable to a fully optimized algorithm developed with CART. The current and more complex PHSKC algorithm had slightly higher sensitivity for the disease-focused outcome but triaged substantially fewer patients to express visits than each of the other algorithms. In addition to the factors in the simple algorithm (symptoms and contact to STD), the optimized algorithm included having a positive STD result from another provider, having a sex partner with symptoms, and age and number of sex partners in the past 2 months (for women). In most settings, the benefit of having a simple triage algorithm would outweigh the minute gain in sensitivity with the optimized algorithm.
Our finding that STD-related symptoms and contact to STD are the most useful factors for excluding patients from express care provides evidence to support a common clinical practice. It is generally consistent with other studies that have evaluated the predictive ability of various criteria for identifying specific STD diagnoses 14 and STD test positivity. 5 Our CART analysis to develop an optimized algorithm did not indicate much benefit from adding other potential predictors, providing confidence that the simple algorithm is appropriate for identifying patients in need of same-day treatment.
However, the appropriate triage criteria for a clinic will depend on the patient population, local public health priorities and resources, motivation for implementing an express care model, and relative value clinic leadership place on resources saved and other benefits associated with more extensive use of express care versus the cost of missed opportunities to diagnose and treat patients when they initially present for care. For example, in our clinic, although use of the simple algorithm during the analysis period would have increased clinic efficiency and access to STD screening, treatment of some cases of early syphilis (<1 case per year) and gonorrhea (~12 cases per year) would have been delayed. We would need to add a third criterion, positive STD result from another provider, to the simple algorithm to identify most of these cases, although this issue may not be applicable in some settings. Moreover, our study outcome focused solely on infections and syndromes that could be detected and treated at that visit. This is a central purpose of STD clinics, and in the context of limited resources, triaging patients based on key symptoms and recent contact to STD may be sufficient to identify patients needing a clinician evaluation while facilitating rapid STD screening for many patients (>33%) without clinician assessment. However, the mission of many STD clinics includes providing health services to vulnerable populations. In this context, an algorithm that includes providing clinician visits to patients needing contraceptive services, linkage to HIV and hepatitis C treatment, or other priorities may be more appropriate. Notably, during most of the study period, the PHSKC STD Clinic was not yet systematically identifying candidates for HIV preexposure prophylaxis. 24 This is now a priority and requires ascertainment of risk factors different from those of clinical triage.
This study had important limitations. First, our analysis was restricted to visits with a CASI at a single STD clinic that serves a patient population which is currently and increasingly composed of predominantly men who have sex with men. Hispanic patients were less likely to complete a CASI than non-Hispanic patients. 12 Although we used independent development and validation samples to construct the optimized algorithm, our findings may not be generalizable to other patient populations. Second, there was likely some misclassification of our outcome variable if some patients truly received express visits. Finally, our disease-focused outcome did not incorporate all aspects of high-quality STD services (e.g., patient preferences).
In conclusion, we evaluated 3 triage algorithms that can be implemented in STD clinics to achieve goals of improved clinic efficiency or improved disease detection. We found that simple triage criteria of symptoms and contact to STD can have high sensitivity for identifying patients with infections or syndromes that can be diagnosed at the visit, while also maximizing clinic efficiency. Additional health service-focused criteria can be layered on top of these simple criteria, depending on local resources and public health priorities, while maintaining moderately high efficiency.
